Land-readjustment projects are often said to be the`royal way to construct urban form' in Japanese city planning, implying that the extensive urban restructuring in the past one hundred years in Japan has been accomplished mostly by the implementation of land-readjustment projects as opposed to other types of project. In land-readjustment projects, all the land parcels are gathered and urban infrastructure, such as roads, parks, and sites for public facilities, are allocated. The original land parcels are then replotted to regularly reshaped land parcels, which are partitioned from the residual land. In this practice, the unit price of land increases owing to the conversion of irregular lots to regular ones and the provision of better urban infrastructure. Even though the size of the average private lot after the projects is smaller than that before the projects (because of the provision of portions of land parcels to public use), the total value of the lots increases owing to this increase in unit price.
One of the few planning tools available to the planner is to design the shape of replotted lots. Depending on this shape, the houses built on the lots may differ, and accordingly the resulting residential environment of the area will be quite different. In this regard, the predicted shape of houses to be built on the sites is of critical importance. If the shape of houses built on replotted lots can be predicted, then the planners can regulate the allocation of open space for greenery, duration of sunshine, ventilation and so on, which are essential factors for a good residential environment. In this paper, we propose one method for such prediction.
To confine the analysis, we will consider only the suburban areas that are suitable for detached houses. A typical approach for prediction is to construct standard development patterns of detached houses for several lot sizes and apply these to all lots of similar size. In reality, there are many development examples, which have already been built. Such spatial data are of potential use but no practical prediction model has been developed so far which utilizes these spatial data. Typically, architects or experts observe the physical, social, and economic conditions of the area in question and then judge the typical design of houses, on the basis of their experience. This procedure requires the efforts of a number of architects or experts, and accordingly will necessitate costs in both money and time. If a more convenient way to predict the shape of houses to be built on each site can be devised, then the method can be used to predict the built-up form of the area. This technique will be useful for planners to test the shape of replotted designs on a trial-and-error basis.
One possible approach to evaluate the replotted design is to develop an evaluation function relating to both house shape and lot shape. However, the development of such a function is quite difficult. Only a few evaluation functions for empty lot shapes have been proposed in the literature. Colwell and Scheu (1989) , for example, developed a land-price prediction function for land lots in the USA. To do so, they utilized a Cobb^Douglas type function modified with the addition of several cost terms representing the cost associated with the area and frontage of the lot. The limitation of their function lies in that it can evaluate only rectangular lots that are adjacent to a straight road on one side. In Asami (1995) I proposed a land-value evaluation function based on the evaluation standard of land-readjustment projects in Japan. This function took into account rectangular lots which are either adjacent to a straight road on one side or not adjacent to one. The limitation of the function is relaxed a little but there are still a number of lots that do not fall into the category suitable for the evaluation. Thus there is still a great need for evaluation functions that can be applied to lots irrespective of shape. Another crucial limitation of these studies for our purpose is that they only evaluate the value of lots and fail to predict anything about the houses to be constructed on the lots.
To remedy this situation, we propose here a model for predicting the shape and location of detached houses to be built on a given site by applying the concept of associative memory (Kohonen, 1989) , which utilizes the lot shape and building shape of actual detached houses. The model proposed here is flexible enough to be applied to lots of any shape.
The general model structure and the underlying idea are explained. A simple empirical application is then presented to check the applicability of the model. The results show that the model can reproduce the tendencies observed in local cities in Japan as regards the locations of yards relative to the lot. Several possibilities for extension of the model are stated in the conclusion.
2 General model structure Let us assume that there are several plans of existing detached houses. In each plan, a detached house and the lot conditions are drawn as shown in figure 1 (see over). Now assume that a new residential lot is given. How can we predict the shape of the detached house to be built on this lot?
Usually an architect may design a house on the lot taking the client's needs into account. The client may want a spacious backyard for gardening, or a spacious garage for two cars in the front yard. The clients' needs are generally different, because each household has a different family situation. There are, however, some general needs that are common to any households which may reside in the house. For example, households tend to have a garden to the south side of the lot; they tend to have a garage adjacent to the access road; the floor area of the house has to be satisfactory for usual family life, and so on.
This casual observation suggests that somewhat similar detached houses tend to be built on similarly conditioned lots. In other words, when designing a detached house on a given residential lot, an architect may search for a similar existing development example and copy it or design a similar plan.
To develop this idea further, a notion of associative memory (Kohonen, 1989 ) is of particular interest. In our associative memory, part of an object stimulates our memory to reproduce a whole object that is most suitable in the context. To reproduce the object, we utilize extensive information on similar objects, which is accumulated through experience in our life. If we translate this into our problem, then part of an object is analogous to the lot condition, the whole object is a pair of the lot condition and building shape, and extensive information is a database of such pairs which exist in reality. To determine a suitable object, a simple way of finding it is to search for the object most similar to it in the database. In our problem, this operation necessitates an index of similarity for two lots.
Here, the lot condition includes lot shape, its orientation, relation with the lot and roads, and the development of its neighboring lots. Accordingly, the similarity index has to account for these elements. Among the elements described above, one of the elements which is difficult to compare is lot shape. To define only the shape of a lot, an infinite number of parameters are necessary. Algebraic form is not useful for the index. The index should utilize an operation dealing directly with two subsets in two-dimensional space.
In general, the index should take into account the relevant factors which affect lot conditions. To simplify the discussion, however, we will focus on the similarity in the shapes of lots. It is possible to extend the following discussion to include other factors by introducing other parameters into the index.
Similarity index
The index for the similarity of two lots (subsets of two-dimensional space) is critical to our problem. A simple way of defining it is by using the set-difference operation. Let A and B be two subsets in two-dimensional space. The set difference of A and B, denoted by A B É B, is defined as
This operation yields parts of subset A and subset B, which are not common to both subsets. If the set difference is empty, then the two subsets must be identical. Let e(X) denote the area of subset X. If the area of the set difference is zero, then it means that the two subsets are identical except for some part with measure zero. As we are going to apply the notion to lot shapes, the part with measure zero is not of particular importance. Accordingly, a natural way of utilizing the set-difference notion to define a similarity index is to compare the set difference of two subsets with the union of the two subsets in terms of area, namely, to use the quantity
to define the similarity index. The similarity index is useful if, when the similarity between the subsets increases, the index itself increases. The quantity in expression (2) above fails to exhibit this property. To remedy this situation, we need to change it to
so that the increasing property is satisfied. The expression above exhibits another important feature, that is, it is equal to zero when two subsets are disjoint (the most dissimilar) and equal to one when two subsets are identical (the most similar), except for some part with measure zero. This property implies that the similarity index is bounded both from below and above, which suggests that the quantity can be used as a weighting parameter. When we compare two lots in terms of shape, the two lots are always disjoint, for these lots are located at different places. A natural way of measuring the similarity of two lots is to move one lot, so that the two lots in question have the largest common area. To put this idea into a rigorous framework, let B x be the subset given by moving B by vector x, that is, In terms of the expression above, an appropriate similarity index, (A, B), of two subsets A and B can be defined as follows:
where R 2 denotes two-dimensional space.
Prediction of the shape of buildings
Given the definition of the similarity index, we now need to consider the procedure to predict the shape of the building to be constructed on the lot. To do so, let (a i , b i ) be the ith pair of the lot and the building on it observed in reality. Given a new lot A, the similarity between lot A and the ith lot a i in the sample may be calculated by (A, a i . The larger the index, the more similar two lots will be. How can we generalize the idea to`copy the most similar situation'? One way of doing this is to find the greatest similarity between the given lot and sample lots and to assume that the building to be constructed will be the same as that on the most similar sample lot. A little reflection reveals, however, that this approach is too naive to predict the building shape. It utilizes only the information of the most similar lot. As there will be a variety of potential ways to construct a building on one lot even under the same situation, this deterministic prediction of building shape may be neither practical nor appropriate.
To extend the approach above and find a stochastic method to predict the shape of a building, the overlay of several building shapes onto the lot will be useful. More strictly, several similar sample plans will be overlaid with some appropriate probability. The modification of similarity indices may serve as the appropriate probability.
To be precise, let f[(A, a i ] be the modified value of the similarity index (A, a i ). Denote by a Prediction of the shape of detached houses on residential lotsmoved by the same vector x). Let ( y) be the probability that a point y in lot A is covered by a potential building. The predicted building shape can be then expressed by
where characteristic function w( y P a Ã i ) is 1 if y is included in a Ã i , and 0 otherwise. Figure 2 depicts one example of such prediction. To predict the shape of a building, we need to take the shaded parts with more than a certain threshold probability value (say 0.5). For small lots, this process usually yields one connected shape for a building (1) .
Modification function
Modification function f was not defined specifically above. In practice, there may be several ways to define it. If we consider the specific problem here in the same way as the lot similarity problem, we find that the similarity index defined in expression (5) tends to have a rather high value, such as 0.5 for two lots of very different shape. This is because any lot with a practical use tends to have some area, which allows a house to be built on it. As even two lots of very different shape tend to have a high value, the modification function f should reduce an intermediate value to a very low value close to zero.
The modification function f can be defined as follows by taking the condition above into account:
where t is a parameter. The function above transforms any value less than t to zero, and it transforms a value greater than t linearly between 0 and 1. In other words, this ignores dissimilar lots in the sample and weights again so that only similar lots, having the similarity indices above t, will have positive weight (see figure 3) . 6 Empirical test of the model The prediction model developed above may appear to be simple. To check its applicability we need to test it with an actual sample of lots and houses. To devise this test, several plans of lots and detached houses in Hiratsuka city, a local city in the Kanagawa prefecture located 60 km south-west of Tokyo, were collected. (2) The numbers of population and households of the city were 254 000 and 92 000, respectively, in 1999. Some of the workers commute to Tokyo. Hiratsuka city is a typical local city in the Tokyo Metropolitan Area. The database consists of 75 lots for detached houses, the areas of lots being less than or equal to 200 m 2 . (This condition is added to avoid too great a variety in the lots.) Among them, fourteen lots are adjacent to a road on the north side, eleven on the east, nine on the west, twelve on the south, and others adjacent to a road on more than one side. Most of the lots are almost rectangular in shape. Lots are classified according to the direction of the adjacent road. If the direction of the road is between À458 and 458 to one of the four primary directions ö north, east, west, or south ö then the adjacent road direction is considered to be that direction (see figure 4) . (3) f(s) 1 0 t 1 s Figure 3 . Modification function f and parameter t.
(2) Hiratsuka city is located far enough from the CBD of Tokyo and is comparable with the cities studied by Hasegawa and Tamaki (1997) . The collected data are based on the document applying for building permission of detached houses under the Building Standard Law.
(3) Further subdivision of these four groups by differentiating the direction leads to too small size of sample for each group to make any practical prediction of house shape by the model. Several studies have been conducted on the relationship between detached houses and associated lots in terms of spacing. Hasegawa and Tamaki (1997, page 160) surveyed in detail such lots in Kanazawa city in Ishikawa prefecture and Kagoshima city in Kagoshima prefecture in Japan, both of which are local large cities. The results indicate that:``The provision of parking space and southern yard is critical in allocating a house on a site. When there is additional space available, side yard and front yard may be allocated.'' As the case-study areas are both in cities which are not equipped with a decent public mass-transportation system, parking space is so important that in some cases houses are cut into irregular shapes to make space for parking. More specifically, they found the following tendencies: (4) (1) provided that a rectangular lot is adjacent to a road on the north side and its frontage is less than 9.0 m, then a yard tends to be allocated to the south when the lot depth is larger than 16.2 m; (2) provided that a rectangular lot is adjacent to a road on the north side and its frontage is between 9.0 m and 14.4 m, then the southern yard tends to be allocated when its depth is greater than 12.6 m; (3) provided that a rectangular lot is adjacent to a road on the south side and its frontage is less than 9.0 m, then parking space tends to be allocated only when the lot depth is less than 14.4 m, and a yard tends to be allocated to the south only when the lot depth is larger than 14.4 m; (4) provided that a rectangular lot is adjacent to a road on its south side and its frontage is between 10.8 m and 12.6 m, then a yard including parking space tends to be allocated to the south when the lot depth is larger than 12.6 m. These findings are based on careful observation of many site plans and elementary classifications and hence no quantitative method is devised to derive these tendencies. In contrast, the method proposed here can be used to test these features quantitatively.
It is of interest to check if such tendencies can be found in the Hiratsuka database by applying the model developed above. One way to do so is to conduct a sensitivity analysis, that is to check if a drastic change in predicted house location within the lot emerges by changing the frontage or width of the lot around the threshold size of the lot. If the model succeeds in identifying some drastic change, then it implies that the pattern of house allocation changes with the lot size examined, suggesting that the threshold observed is valid, and accordingly our model can be regarded as useful in practical use.
To proceed with the analysis, the parameter value t in the modification function defined by equation (7) needs to be derived. To do so, each building in the sample was predicted from the database except for its lot. (5) To derive the optimal value for t, the difference between the predicted house location and its actual location is calculated by integrating 1 minus the predicted probability for the area covered by the actual house, and the predicted probability for the area not covered. Minimization of the difference measure yields the optimal value for t. Table 1 shows the optimal value of t for (4) Hasegawa and Tamaki (1997) used traditional Japanese units for length. The length values are converted to metric units here.
(5) If the lot was in the database, then the optimal value for t will be 1, that is the precise prediction for any lot, yielding no useful information as regards the practical value of t. four directions of adjacent road. Interestingly, the value is close to 0.75 for any direction. This can be considered as the minimum value of the similarity index which indicates any practical similarity between two housing lots. In the analysis below, the parameter t is set equal to 0.75 for any direction of adjacent road. The sensitivity analysis was conducted by using the optimal value for t given above. (6) By setting the frontage of a rectangular lot adjacent to a road on the north side to 7 m, we used the model to predict building locations for depths 15 m, 16 m, 17 m, and 18 m. Figure 5 shows the results. The darker shade indicates that the coverage probability is greater than Ä Å , and the lighter shade indicates that the coverage probability is between Ã Å and Ä Å . As shown in figure 5 , the increase of the depth from 16 m to 17 m changed the building location drastically, in the manner that greater yard space (probably) partly used for parking space was moved to the northern part of the lot, and that the location of the house moved a little to the south. The southern yard was allocated even when the depth was only 11 m. The tendency observed by Hasegawa and Tamaki (1997) was reproduced. The total floor area does not vary significantly even when the area of its lot changes. Accordingly, the space left for the yard and other outdoor space increases as the area of the lot increases. A southern yard is preferred to a northern yard, and moreover a yard is preferred to have at least some decent space. And a parking space should at least accommodate a car of average size. These factors together may cause this drastic change. That is, if the depth is greater than 17 m (6) Sensitivity analysis for lots adjacent to a road on the eastern or western sides does not yield any significant results, except for a subtle tendency that the western yard becomes larger as the depth increases for lots adjacent to a road on the west side, but this is not so significant for lots adjacent to a road on the eastern side. (or 18 m), then the lot permits both a northern yard (partly used as parking space) and a southern yard after allocating a housing space which is adequate for family life.
By setting the frontage of a rectangular lot adjacent to a road on the north side to 13 m, we used the model to predict building locations for depths 11 m, 12 m, 13 m, 14 m, and 15 m as depicted in figure 6 . The darker shade and the lighter shade indicate the relative coverage probability as in figure 5 . With an increase in the depth from 12 m to 13 m, the building location changed drastically, with parking space allocated to the northern part of the lot, and the location of the house moved a little to the south. The yard was allocated to the south side even when the depth was only 11 m. The tendency observed by Hasegawa and Tamaki (1997) was not completely reproduced, but the drastic change in prediction of building location was observed when the depth was increased from 12 m to 13 m. If the depth is greater than 13 m, then the lot permits both a parking space in the northern part and a southern yard after allowing for a housing space which is adequate for family life.
By setting the frontage of a rectangular lot adjacent to a road on the south side to 7 m, we used the model to predict building locations for depths 12 m, 13 m, 14 m, 15 m, and 16 m. Figure 7 shows the result. A yard tends to be allocated on the south side when the depth is greater than 14 m. This observation is again consistent with that of Hasegawa and Tamaki (1997) .
By setting the frontage of a rectangular lot adjacent to a road on the south side to 12 m, we used the model to predict building locations for depths 9 m, 10 m, 11 m, 12 m, 13 m, and 14 m. Figure 8 (see over) shows the result. A drastic change does not occur when the depth of the lot is increased. The predicted location of the house clearly reproduces the consistent tendency that a yard is allocated to the south side along the road. As the depth increases, the predicted location of the house tends to be more to the northern part of the lot. The change in predicted location of house is moderate for southern adjacency case to road compared with the northern adjacency case. This is due to the fact that the need for both parking space and southern yard can be satisfied by allocating a large open space in the south.
The tendency observed by Hasegawa and Tamaki (1997) for Kanazawa city and Kagoshima city was largely reproduced quantitatively with the present model, when the frontage and the area is limited. People may tend to locate detached houses in a similar manner, even in a different urban situation, under restrictive conditions for housing lots. This may be because the minimum needs that should be satisfied in a detached house tend to be the same irrespective of the place, whereas the actual needs tend to vary when there is room to accommodate other options.
Conclusions
We have proposed a model to predict the shape of detached houses in a given lot by introducing the framework of the associative memory model. In our associative memory, we reproduce an object or an idea from its parts. Similarly, when the shape of a house on a given lot is to be predicted, it is natural to search a database for the most similar case in terms of site condition and to reproduce the associated house. To formalize this procedure into a mathematical framework, similarity indices of lots are devised and transformed into probabilities. The overlay of sample house positions weighted by the probabilities predicts the position of the house in the lot. The model is tested empirically with data from the Hiratsuka city in Kanagawa prefecture in Japan. The results of its sensitivity analysis reproduce the tendencies observed in reality as regards the locations of yards relative to the lot size, when the area of the lot is limited.
Actual construction designing of a house on a site can be viewed as an optimization process of allocating a house, parking space, and yards for the site.. In the optimization process, several elements such as functional and aesthetic factors will be incorporated. For example, the arrangement and design of rooms is critically important in house construction. These elements are not incorporated explicitly in the present model. If we can regard the actual samples to be optimal solutions taking into account all these factors as well, then the resultant prediction of the present model can be interpreted as a solution that implicitly takes these factors into account. This interpretation can be justified, when more factors such as location of houses in neighboring lots and other locational factors are taken into account. Fortunately, the framework of the model is flexible enough to incorporate factors other than lot shape. For example, the location of houses in neighboring lots can be taken into account by modifying the similarity index defined by multiplication (or its modification) of the similarity index for lot shape and the similarity index for location of houses in neighboring lots. Likewise, other locational factors can be introduced by defining the similarity of two distances, say to the railway station.
Sensitivity analysis of the model is of particular interest because it succeeds in reproducing the observed tendency when the lot space condition is restrictive. The number of sample lots in the database is limited. To allow for more precise and practical prediction of building shapes it is apparent that we need to collect more sample cases for a variety of situations. More data on lot and housing shapes may allow us to find more hidden tendencies, which can be used practically in the design of detached houses or for estimating the development pattern in land-readjustment projects. These are promising directions for future research.
